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develop for=ign plant
jens for classical biological

rol of introduced invasive weeds in
the U.S.



Steps in Developing PlantiEaineeensHo);
Classical BiologicallCeniiofeifVVEEUS:

yduced weeds in the native
foreign of the weeds

vathogens for damage
he pathogens for their host range (safety)



RPatiGOENS?

Callatairicntn lo2aosoariojdas i, so, salsolae (CGS)
Fagulizitive ozrasite furieus
rlUricjairy (ainer isolaies from Gresce and Russia)

Uramyeas s:fsofas
Qoligjziis ozirasitic rusi fungus
RUSSIEl
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Prehliem

luate disease reaction
2t plant species?

] discarding potentially beneficial

— Ensure pathogen safety



)

Partial Disease Severity ResultsN(EES)

Average
Disease
No. Plants Rating
Pos
0 0
0 0
7 1.8
1 4.0
5 3.6
virginica 5 0 0
kali 11 9 2.4
orientalis 13 2 0.4
Salsola paulsenii 5 5 4.0
Salsola tragus 261 252 2.9
Salsola australis 65 55 1.1
Suaeda californica 1 0 0

Suaeda taxifolia 4 4 2.2



ent measure of disease

for species (vs. individual plants)

indicator of susceptible & non-
ble species

eans to evaluate rare and difficult or
impossible to grow species

* A means to objectively compare disease on target
VS. hon-targets



Partial Selution

2 severity ratings
of disease incidence
g weighted mixed model

ce least squares mean estimates



evaluation data with
statistical approach

rate all available knowledge
corporate genetic relationships among
species with variances and disease
evaluation data

» Get broad-based predictions for species



Mixed Medel Equatiens(IVIVIE) e
Best Linear UnbiasetRPrediciorsAiBINERS)

e genetics approach

of breeding values (BLUPS)
dwide.
son — 30+ years of publications

or guarter horses, swine, trees, crop

« Common objective:
JRfdligtarfscline) valuss (ganstic mearit of
POLENTH AN ENIS)EBINVES!




2rage value of the estimate equals
lue of quantity being estimated; no
e function bias

adictor — realized value of a random variable

BLUPSs are also parametric Bayes estimates



\alue of the: MIVE & BIEEPSHiI
IHest Range DeElehniatien
of plant species relative to that of

able information

: nceloovarianoe structure
etic relationships among species

ic't disease reactions for species that cannot be
tested or only inadequately tested

* Determine the complete host-range of a pathogen
among tested, inadequately tested, and not tested
species

* Determine relevant lists of non-target species to test



enetic relationships
rate genetic variances

rporate performance (disease
evaluation) data



ationships from:
coefficients of co-ancestry

OR

sequences and genetic distance matrices



variances from
estimates

stimate variance from data



rformance data
amage evaluation data)



Model Equations



uences, ITS (and/or
species

istance matrix among species
on these sequences

rate these genetic distances with
performance data

* Run the MME to generate BLUPs



(In- matiax o))

s of disease ratings
actor of “1”s for the fixed intercept only
vector for the fixed effect parameters, in this case

n matrix for the random effects, in this case species
x 1 unknown vector of the random effects parameters
= n x 1 vector of residuals (errors)

L e [ ]
ariance of y=S=2GZ' + R

— G=j*j matrix of variances and covariances from distance matrix of DNA
sequences and variance among species

— R=nxn error matrix with known error variance as estimated from data

« U=G2Z'S"(y-XW) = BLUPs



The Mixed Procedure
Estimated G Matrix
Effect taxon

taxon  Allenroloccident
taxon  Allenrolvaginata
taxon  Allium cepa

taxon  Amaranthcaudatus
taxon  Amaranthhypochon
taxon  Amaranthretrofle
taxon  Amaranthspinosus
taxon  Aphanismblitoide

rEIatI Ons h | p m atnx: (1 _eaCh taxon  Atriplexcanescen

taxon  Atriplexlentifor

Partial' G matrix

NN =

g g taxon  Atriplexpatula

element Of d|Stance ma.t“X) taxon AtriglexZemibacc
taxon Bassia hyssopif
taxon Betavulgaris
taxon Bougainvsp

G: Varlance among SpeCIeS X taxon Brassicaoleracea

) : taxon Calendulofficina
eachielementoiirelationsnipNieaL faxon - carduus acanthol
taxon  Carduus pycnocep
taxon  Carthamutinctori
taxon Centaurecyanus
taxon Centaurediffusa
taxon  Centauresolstiti
taxon  Chenopodalbum
taxon Chenopodambrosio
taxon Corisperpacificu
taxon Crupina
taxon  Cupressuabramsia
taxon  Cupressugovgov
taxon Cynara scolymus
taxon Daucus carota
taxon Endolepicovillei
taxon Froelichgracilis
taxon  Gossypiubarbaden
taxon Halocnemstrobila
taxon Halostaccaspica
taxon Halothamsubaphyl
taxon Haloxyloammodend
taxon Haloxylopersicum
taxon Howelliaaquatili
taxon Kalidiumfoliatum
taxon Kochia american
taxon  Lycopersesculent
taxon Malaco fasci
taxon Mirabilimultiflo
taxon Opuntia ficus




Phylogram from ITS sequence data

Salsola kali-UK.
Salsola tragus

Salsola kali-Akhani
Salsola paulsenii

Hal
Hal

—

Salsola collina
Salsola australis
Salsola kali-Maui

Salsoleae
Salsola soda

_| [ Salsola soda-Akhani
Halogeton glomeratus

oxyfon ammodendron
foxylon persicum

L Halothamnus subaphylius

ssia hyssopifoli

1

Halosi

Arthr

Halocnemum strobilaceum

Ba.
Bassia scoparia
Bassia prostrata Camphorosmeae
Kochia americana
— Salsola orientalis } SHISEIEEE

L Salsola vermiculata
Salicornia bigelovii
Salicornia europea

4’_—|:|%arcacomia fruticosa
Sarcocornia utahensis

Allenrolfea occidentalis Salicornieae
Salicornia virginica

Kalidium foliatum:-

fachys caspica

Halopeplideae

)

Suaedeae

ocnemum glaucum

Suaeda moquinii
Suaeda taxifolia

T—

Suaeda vera

Suaeda glauca

Suaeda calceoliformis
Suaeda occidentalis

|: Suaeda maritima

Atriplex canescens

Atriplex lentiformis

Suaeda californica
_| Suckleya suckleyana

Atriplex semib

——— Atriplex patula
Grayia spinosa

L Zuckia brandegeei

Spinacia oleraceae

Atripliceae

Suaedeae
Atripliceae

Chenopodium ambrosioides

—— Axyris ama;{amth

. Chenopodieae
oides .
rascheninnikovia ceratoides}At”pl’Ceae

C

—

orispermum pacificum Corispermeae

Amaranthus hypochondriacus
Amaranthus
|—| Ii Amaranthus spinosus
Chenopodium album

—————— Aphanisma blitoides

Froelichia gracilis. Eam. Amaranthaceae

retrofexus } Fam. Amaranthaceae

Chenopodieae
Beteae

L Befavulgaris
= Nitrophila mohavensis
r Polycnemum majus },
Sesuvium maritimum 5 Polycnemeae Fam. Aizoaceae

I Nitrophila occidentalis

Howellia aquat

_ —

Opuntia basilaris
—— Opuntia ficus-indica

Sarcobatus vermiculatus

}Fam. Cactaceae
Fam. Sarcobataceae

ilis Fam. Campanulaceae

Lycopersicon esculentum————— Fam Sojanaceae
Polygonum aviculare— Fam. Polygonaceae

0.1

Alfium cepa

Fam. Alfiaceae



ommitting a Type Il error
se null hypothesis

iIcant difference from zero

ce exists

species not susceptible when it

Power values > 0.80 are generally regarded as
significant



east Sguares means
Least Least
squares Standard squares Standard
means error of Power means error of Power
estimates estimate Pr>|t]| (1-8) estimates estimate Pr>|t| (1-B)
285.40 41.47 <0.0001 0.167 132.10 10.89 <0.0001 0.082
Salsolatragus 277.82 37.46 <0.0001 0.202 141.59 3.71 <0.0001 0.132
285.98 35.0“ <0.0001 0.235 62.05 0.54 NS 0.781
296.40 ( 34.19 \ <0.0001 0.248 120.34 44.09 NS <0.050
\ / 46 species
Al ﬁ NT MBS | — evaluated
247.06 17.30 <0.0001 0.999 61.21 2.22 NS 0321 |3 susceptible
111.24 12.72 NS 0.996 60.20 3.38 NS 0.200 | (non-zero)
species
111.08 18.00 NS 0.884 36.67 52.20 NS <0.050 [cv=2.61to0
142.4%
144.18 16.09 NS 0.922 60.03 4.76 NS 0.148
NT NT NT NT | e [ e
239.08 29.50 <0.0001 0.355 52.64 39.61 NS <0.050
Bassia scoparia 110.60 10.35 NS >0.999 NT NT | | -
Nitrophila
occidentalis 254.37 81.79 NS <0.100 60.20 3.38 NS 0.200
Halothamnus
subaphyllus NT NT NT NT | - | -




Standard

Standard

error of Power error of Power
BLUP prediction Pr>|t| (1-B) BLUP prediction | Pr>|t| (1-8)
247.92 10.23 <0.0001 >0.999 102.94 5.30 0.006 >0.999
Salsolatragus 246.73 9.84 <0.0001 >0.999 101.97 5.10 0.007 >0.999
235.40 10.70 <0.0001 >0.999 95.61 5.33 0.019 0.995
225.51 7.59 <0.0001 >0.999 96.90 4.65 0.023 >0.999
Salsola kali-
Akhani 224.75 7.93 <0.0001 >0.999 97.02 4.85 0.023 >0.999
213.39 14.95 <0.0001 >0.999 54.47 7.93 NS >0.999
208.14 10.29 <0.0001 >0.999 95.47 4.94 0.028 >0.999
207.53 10.58 0.0001 >0.999 92.71 6.23 0.037 >0.999
205.02 14.86 0.0002 0.996 54.55 7.93 NS >0.999
190.04 21.67 0.0027 0.978 55.43 9.21 NS 0.959
Bassia
hyssopifolia 188.26 17.62 0.0026 0.960 67.32 9.44 NS 0.983
Bassia scoparia 187.80 9.01 0.0036 >0.999 68.09 9.72 NS 0.923
Nitrophila
occidentalis 184.10 16.80 0.0070 >0.999 | - | - | - [ -
176.36 18.05 0.0152 >0.999 82.58 8.10 NS 0.995

66 species
evaluated

7 susceptible
(non-zero)
species; all
Salsola spp.

CV=4.99to
36.74%



BLUPs andi the binany/Binemicifcase:

S/attempts = x, e.g., 0.10, 0.20, 0.90, etc.
portions of 0 and 1 set to 0.01 and 0.99, respectively.

Logit transformation: log(x/1-x) or log(odds)



al logarithm to the power of the
es, i.e., eBUP for logit values

y of whether disease is likely
ratios > 1 indicate disease occurrence is likely

*The larger the odds ratio the greater the likelihood of
disease



Standard

Standard

BLUP error of BLUP error of Odds
(Logit) | prediction Pr>|t| (Logit) | prediction | Pr>|t| ratio
12.11 2.51 <0.0001 8.49 25501 0.002 9.19
Salsolatragus 12.00 251 <0.0001 8.31 2.5 0.002 7.49
10.94 2.55 <0.0001 7.12 2.52 0.007 1.62
9.94 2.77 0.0005 8.98 7.22 2.70 0.011 2.71
9.85 2.77 0.0006 8.24 7.24 2.70 0.011 2.78
10.53 2.68 0.0002 16.31 0.06 2.69 NS 0.01
8.76 2.55 0.0009 2.78 6.82 2.71 0.016 1.64
8.81 2.57 0.0009 2.92 6.46 2.61 0.017 0.78
Salicornia
europaea 9.46 2.64 0.0005 5.56 -0.01 2.69 NS 0.01
Sarcocornia
fruticosa 7.93 2.92 0.0078 1.21 0.39 2.80 NS 0.02
Bassia
hyssopifolia 9.27 2.86 0.0016 4.61 2.72 2.81 NS 0.08
Bassia
scoparia 8.99 2.95 0.0030 3.50 2.54 2.88 NS 0.07
Nitrophila
occidentalis 8.09 3.08 0.0101 1.42 | -
Halothamnus
subaphyllus 6.80 3.18 0.0351 0.39 4.62 3.05 NS 0.39

66 species
evaluated

8 species with
significant
disease
incidence

7 species with
odds ratios

greater than 1
-no native spp.



pt: in the case of CGS there are 89
nodes in the G matrix, and a

, applied to any node “pulls” the other

, in that direction. Forces at other nodes

ing directions.

, In the case of CGS, BLUPs reflect 59 x 59 (species with
data) + 2 = 1,740 fractional replications based on the genetic
inter-relationships among these species.

» BLUPs reflect the disease reactions of each species plus the
disease reactions of all of the other inter-related species.



Using BIEURSHG
CONSUUCINIOIEIEIEEL
ESINISIS




Arctium minus
Callistephus chinensis

Centaurea montana

Cichorium intybus

Cirsium pitcheri

Carthamus tinctorius 15.86 36.06
Cynara scolymus 1.55 35.86
Plectocephalus americana 4.25 35.28
Carduus tenufloris -6.45 35.75
Carduus thoermeri -3.97 35.72
Centaurea calcitrapa -11.42 35.79

*[teratively test, re-
analyze, re-test
until suspect
reactions clarified
*[teratively include
sequences of more
species in each
test-and- analysis
cycle



» BLLUPS can be geENErated Mo rganyaSpECI ESHEN el | ESSIO
afssneSiaiagsspyed cleez zllowine orediciions for rars &
AITHCUI IO GOWISPEGIES




species, regardless of
redictions for rare &

2 SRUBS oW iore sodiss (o 02 avaluzizd thzn Ismeans



Or any species, reqardless of
lata allowing predictions for rare &

2 species to be evaluated than Ismeans
2B EURS Eife foausit: orgdiciions are dsoancdent on gatnocgen



] for any species, regardless of
data allowing predictions for rare &

more species to be evaluated than Ismeans

2 robust: predictions are dependent on pathogen

2 SBHUPS cife mare corssrvaiive (more suscaoiiols sgscias)
NN SIEANS



tages

for any species, regardless of
redictions for rare &

more species to be evaluated than Ismeans
are robust: predictions are dependent on pathogen

UPs are more conservative (more susceptible species)
than Ismeans

2 BLUPS nzive lowear starnclred arrors tnzn Ismazans



allow more species to be evaluated than Ismeans
Ps are robust: predictions are dependent on pathogen

BLUPs are more conservative (more susceptible species)
than Ismeans

* BLUPs have lower standard errors than Ismeans
2 BLUPS 2ire saifer (nignar power) inan Ismezns



dvantages

generated for any species, reqardless of
observed data allowing predictions for rare &
to grow species

Ps allow more species to be evaluated than Ismeans
LUPs are robust: predictions are dependent on pathogen

* BLUPs are more conservative (more susceptible species)
than Ismeans

* BLUPs have lower standard errors than Ismeans
* BLUPs are safer (higher power) than Ismeans
SLUPs zira environmenizlly indsosncdeni

@



AR RURS Gzl e ejandrciise for multiole fixad gifacts and ihir
INtErACTION S e NSOl alESHSIH A NSRENVITONTIENLSY
covanatesNHMmeNteEn B EratUTENELCY)



ed for multiple fixed effects and their
dlates, strains, environments,
hmperature etc.)
2 BLURS gzin) o2 ejangraiscd from mulijole varizoles, 2.¢,,
elisezisigingicdsnes cinel oiomzass o form ons SLUP



s continued

rated for multiple fixed effects and their
e.g., isolates, strains, environments,
(time, temperature, etc.)

can be generated from multiple variables, e.g.,

e incidence and biomass to form one BLUP

2 BLUPS aradict soscias oarformancs (vs. avarages frorm the
MaAtEN RESTEN))




Advantages continued

BLUPs can be generated for multiple fixed effects and their
interactions, e.g., isolates, strains, environments,
covariates (time, temperature, etc.)

BLUPs can be generated from multiple variables, e.g.,
disease incidence and biomass to formn one BLUP

BLUPSs predict species performance (vs. averages from the
material tested in a greenhouse)

Fna miceed moclel ecjuziions zind SLUPS ¢an 02 usead io
consiruct isse olant lists



Further Implications

agent and any target
bost analyses

h historical data

2 by anyone






Questions

‘Why IS the average of a few: leal:Spets/CheEWS/EFUSHG!;
lack thereof) on an Infinitesimal Sample CiFa SPECIES
tested in a greenhouse deemed representatiVveioie:
Species as a whole?




Questions

spots/chews/eggs (or
il sample of a species
he species as a whole?

*WWhy doesn't there seem to/be arstandardiopjEcVe
criterion for evaluation ofiSUSCEPLRIIL/CaAMAYER:




Questions

rnal sample of a species
2 of the species as a whole?

ere seem to be a standard objective
2valuation of susceptibility/damage?

y isn't probability e SUSCEpuIIL/UaaYENIEL:
riterion?




Questions

2ptible based on one pustule
e plant in a greenhouse test?

h ﬁ -U}om' ,
*Probably not: BLUP=63.3; Pr>|t|=0.95; odds ratio=0.013

Doubtful that even the plant is susceptible
eInitial APHIS feedback seems to disagree



Questions
2ntific method and

sary in biological control of weeds?

2nce simply not necessary in risk (host range)



Recent Publicatieons

gm in host-range determination. Biological

. C. A. Cavin, J. L. Michael, M. L. Carter, and D. G.
unbiased prediction of host range of the facultative parasite
porioides f. sp. salsolae, a potential biological control agent of
ological Control 51:158-168.

., W. L. Bruckart, C. A. Cavin, and J. L. Michael. 2009. Mixed model
S combining disease ratings and DNA sequences to determine host range of
yces salsolae for biological control of Russian thistle. Biological Control 49:68-



“Validation”?

- The MME and BLUPs are long-accepted science that do not need
validating per-se
» \/alidate the approach with weed biological control agents?
*How?
Compare to second best approach?
«Just did that and demonstrated a more conservative safer
approach, i.e., most valid approach
*Generate BLUPSs for released agents?
*In progress
*Guaranteed to be more predicted susceptible spp. than occur
In the field
*Generate BLUPSs for released agents with non-target effects?
Looking for volunteer datasets
«Anticipate accurate prediction of non-target effects
*No such data for plant pathogens



jal locomotive

Pseudo _science deC|S|on making Smence based deC|S|on making
(subjectivity) (probability)

l l

No biological control Effective and safe biological control






IS “what youseeswhaln/eouigei:

npling of test material
he samples are truly
2 of the species

Yositives and negatives, from a
2cies perspective, are a real probability
o0 indication of probability of “correct”
evaluation



IS “what youseeswhaln/eouigei:
S, each BLUP in our

5 in addltlon to observed data

jreatly increases the probability that
2 BLUPs are representative of the

* Probabilities of taxon differences can be
tested



